
SUMMARY

Study of the body weight, third-toe length,
transversal and anteroposterior cranial diame-
ters, brain weight and mortality of embryos of
Gallus domesticus at 15 and 21 days of incubation
showed that their exposure to electromagnetic
fields of 10 μT intensity and 30 Hz frequency
accelerated their development and produced an
increase in mortality at the end of incubation. 
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INTRODUCTION

Major concerns are currently being
expressed about the possibility that low-fre-
quency electromagnetic fields (EMFs) may
produce health disorders (Hug et al., 2006; Li
et al., 2009). The studies published are con-
tradictory, with some authors reporting that
they are harmful and others finding no biolog-
ical alterations. Epidemiological and experi-
mental studies have related exposure to
electromagnetic fields to an increased risk of
adverse pregnancy outcomes and a higher mis-
carriage rate (Juutilainen et al., 1993; Delpiz-
zo, 1994; Wilson et al., 1996; Li et al., 2002;
Charter et al., 2006; Mezei et al., 2006). How-

ever, whereas some experimental studies have
reported major developmental disorders in
EMF-exposed chick embryos (Juutilainen et
al., 1987; Martin, 1988; Ubeda et al., 1994),
others have found no negative biological
effects in chick embryos incubated under
exposure to EMFs (Maffeo et al., 1984; Cox et
al., 1993; Yao et al., 2007). With this back-
ground, the present experimental study was
designed to contribute data on the possible
action exerted by magnetic fields on embryon-
ic development by studying their effects on
the body weight, third-toe length, transversal
and anteroposterior cranial diameters, brain
weight, and mortality of chick embryos.

MATERIALS AND METHODS

One hundred and sixty-five fertilized eggs of
Gallus domesticus (Leghorn HR7 variety) were
incubated at 37.8ºC ± 0.4ºC and a relative
humidity of 60-70% in two model 65 Masalles
incubators equipped with forced ventilation
and automatic voltage (1 volt/h). One incuba-
tor contained a control group of 72 eggs and
the other contained a treatment group of 93
eggs, which were exposed to a uniform magnet-
ic field produced by two Helmholtz coils at an
intensity of 10 μT and frequency of 30 Hz. 
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On days 15 and 21 of incubation, embryos
were extracted from each group for measure-
ment of the following parameters: body
weight, third-toe length, transversal cranial
diameter (distance between the two external
auditory openings), anteroposterior cranial
diameter (distance between the bony ridge
below the posteroinferior edge of the
fontanelle and anterior root of crest), brain
weight, and mortality. All these parameters
are related to embryonic development.

A uniform magnetic field was generated at
the incubation site using two identical
Heltmholtz coils of 1.40 cm diameter, each
with 500 turns of 2 mm diameter copper wire,
a resistance of 12 Ω, and self-induction of 0.6
H. All of the treated eggs were incubated with-
in a magnetic field that varied by less than 2%
from its central point. Exposure was continuous
along embryonic development. The magnetic
field is directly proportional to the intensity of
current passing through the coil, and a high
current is needed to supply them directly
because of their high inductive impedance. This
was resolved by supplying the coils through a
circuit that incorporated a bank of condensers.
The magnetic fields were measured using two
digital Teslameters (Phyme model 13610.93
and Chauvin-Arnoux model C.A 40).

Body weight was measured with a Nettler
PL200 digital balance.

RESULTS

The results listed in Table 1 show that
there were no differences in the body weight
of the embryos with their yolk sac between
the treated and control groups at 15 days of
incubation. However, when the same
embryos were weighed without their yolk sac
the weight of the treated embryos was signif-
icantly higher than that of the controls. At
15 days, the brain weight of treated embryos
was also significantly higher than that of
controls.

At 21 days of incubation, after hatching, no
significant differences were observed between
the treated and control embryos in either
brain weight or total body weight.

The skeletal parameters studied (third-toe
length and transversal and anteroposterior cra-
nial diameters) were significantly increased in
the treated versus control embryos at 15 days
of incubation (Table 2). However, these differ-
ences were not significant at day 21.

There was no significant difference in the
mortality rate between the treated and control
embryos at day 15 of incubation, but the
treated embryos showed a significantly higher
mortality rate versus controls at day 21 of
incubation (Table 3).

Table 1. Different weights of chick embryos exposed to electromagnetic fields of 10 μT 30 Hz or used as controls.

Day 15 of incubation Day 21 of incubation

Controls Treated Controls Treated

Difference Difference

Weight with yolk sac (g)
26.188 ± 2.956

NS
27.981± 3.104

(n=20) (n=20)

Weight without yolk sac (g)
12.160 ± 1.007

P<0.001
13.884 ± 0.684 42.012 ± 4.408

NS
39.391 ± 3.790

(n=20) (n=20) (n=20) (n=20)

Brain weight 0.491 ± 0.028
P<0.001

0.568 ± 0.036 0.811 ± 0.061
NS

0.840 ± 0.040

(g) (n=20) (n=20) (n=20) (n=20)

Note. Ratios are means ± SD.

Table 2. Skeletal measurements in chick embryos exposed to 10 μT 30 Hz electromagnetic field or used as controls.

Day 15 of incubation Day 21 of incubation

Controls Treated Controls Treated

Difference Difference

Third toe length (mm)
10.233 ± 0.863

P<0.001
11.831 ± 0.689 17.745 ± 0.771

NS
17.696 ± 0.986

(n=20) (n=20) (n=20) (n=20)

Transversal cranial diameter (mm)
10.259 ± 0.757

P<0.001
12.165 ± 0.717 14.765 ± 0.597

NS
14.920 ± 0.928

(n=20) (n=20) (n=20) (n=20)

Anteroposterior cranial diameter (mm)
20.189 ± 0.565

P<0.001
22.606 ± 0.838 24.714 ± 1.075

NS
24.537 ± 1.476

(n=20) (n=20) (n=20) (n=20)

Note. Ratios are means ± SD
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DISCUSSION

In this study, chick embryos exposed to an
electromagnetic field of 10 μT intensity and 30
Hz frequency showed a greater brain weight as
compared with controls after 15 days of devel-
opment, and their body weight was higher than
that of the controls after removal of the yolk
sac. This finding indicates a greater absorption
of the yolk sac by the treated embryos.

The increased skeletal measurements
recorded in the treated embryos at 15 days of
incubation compared with the controls may
result from the stimulation of bone formation
by the EMF via the promotion of osteoblastic
differentiation and/or activation (Yamamoto
et al., 2003; Chiu et al., 2007).

According to the above findings, an accel-
eration of development was produced in the
treated embryos, although this effect was not
macroscopically observable at the end of the
incubation period.

The very high mortality among treated
embryos at the end of incubation suggests a pos-
sible relationship between the acceleration of
development and biochemical, cytological and/or
histological changes. Other authors have also
found an increase in mortality after exposure to
magnetic fields (Martin, 1988; Grandolfo et al.,
1991; Veterány et al., 2001). These issues were
not addressed by the present study but will be
the subject of future research by our group.
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Table 3. Mortality in chick embryos exposed to 10 μT 30 Hz electromagnetic field or used as controls.

Day 15 of incubation Day 21 of incubation

Controls Treated Controls Treated

Difference Difference

Mortality (%)
4.762

NS
0 21.569

P<0.001
54.795

(n=21) (n=20) (n=51) (n=73)

Note. Ratios are %




